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7KH LQKLELWLRQ HIIHFW RI $QWKUDQLOLF DFLGRQ FRUURVLRQRIPLOG VWHHO LQ 0+&O VROXWLRQZDV LQYHVWLJDWHG E\ XVLQJ WUDGLWLRQDO
ZHLJKW ORVV PHWKRG 3RODUL]DWLRQ PHDVXUHPHQWV DQG (OHFWURFKHPLFDO ,PSHGDQFH 6SHFWURVFRS\ (,6 PHDVXUHPHQWV  6PDOO
DPRXQW VXFK DV SSP RI WKH ,QKLELWRU VKRZV JRRG LQKLELWLRQ HIILFLHQF\ 3RODULVDWLRQPHDVXUHPHQWV LQIHU LQKLELWRU DFWV DV
PL[HG W\SH LQKLELWRU :HLJKW ORVV 3RODULVDWLRQ DQG (OHFWURFKHPLFDO LPSHGDQFH UHVXOWV DUH JLYHV VDPH RUGHU RI LQKLELWLRQ
HIILFLHQF\
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GDLO\ DV IDU DV WKHUH DUH LQFUHDVLQJ QHHGV RI PHWDOOLF PDWHULDOV LQ DOO IDFHWV RI WHFKQRORJLFDO GHYHORSPHQW 7KH
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:HLJKW ORVV PHDVXUHPHQWV ZHUH SHUIRUPHG E\ LPPHUVLQJ VWHHO SODWHV LQ JODVV EHDNHU FRQWDLQLQJ  FP RI
FRUURVLYHPHGLD0+&OZLWKGLIIHUHQWFRQFHQWUDWLRQRILQKLELWRU DW.$IWHUDQLPPHUVLRQWLPHRIKVWHHO
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FRXQWHU HOHFWURGH SODWLQXP DQG UHIHUHQFH HOHFWURGH $J$J&O HOHFWURGH %HIRUH HDFK HOHFWURFKHPLFDO
PHDVXUHPHQWWKHZRUNLQJHOHFWURGHZDVDOORZHGWRVWDQGIRUPLQLQWHVWVROXWLRQWRHVWDEOLVKVWHDG\VWDWHRSHQ
FLUFXLWSRWHQWLDO 2&3$OO UHSRUWHGSRWHQWLDOVZHUHZLWK UHVSHFW WR$J$J&OHOHFWURGH)RU7DIHOPHDVXUHPHQWV
SRWHQWLDOFXUUHQWFXUYHVZHUHUHFRUGHGDWDVFDQUDWHRI9V LQWKHSRWHQWLDOUDQJHREWDLQHGE\DGGLQJ DQG
9 WR WKH RSHQ FLUFXLW SRWHQWLDO 2&3 YDOXH 7KH FRUURVLRQ SDUDPHWHUV VXFK DV FRUURVLRQ SRWHQWLDO 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7KHUDWHRIFRUURVLRQ ȡ PJFP KZDVFDOFXODWHGIURPHTXDWLRQ

+HUH 6 LVWKHVXUIDFHDUHDRIWKHVWHHOVSHFLPHQDQG 7 LVWKHLPPHUVLRQWLPHLQKRXUV&RUURVLRQSDUDPHWHUVIRUPLOG
VWHHOLQ0+&OLQSUHVHQFHRIGLIIHUHQWFRQFHQWUDWLRQVRIWKH $QWKUDQLOLFDFLG LVSURYLGHGLQ 7DEOH
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:KHUH LFRUU DQG LFRUU DUH WKH FRUURVLRQ FXUUHQW GHQVLWLHV LQ DEVHQFH DQG SUHVHQFH RI WKH FRUURVLRQ LQKLELWRU
UHVSHFWLYHO\ 7KH SUHVHQFH RI $QWKUDQLOLF DFLG VKLIWV ERWK DQRGLF DQG FDWKRGLF EUDQFKHV WR WKH ORZHU YDOXHV RI
FXUUHQWGHQVLWLHVDQG WKXVFDXVHVD UHPDUNDEOHGHFUHDVH LQ WKHFRUURVLRQ UDWH2[\JHQ LV UHGXFHG LQ ORZFDWKRGLF
RYHU SRWHQWLDOV EXW WKH PDLQ FDWKRGLF UHDFWLRQ LQ DFLGLF VROXWLRQ LV WKH GLVFKDUJH RI K\GURJHQ LRQV WR SURGXFH
K\GURJHQJDV,WFDQEHFOHDUO\VHHQIURP )LJXUH WKDWERWKDQRGLFPHWDOGLVVROXWLRQDQGFDWKRGLFUHDFWLRQVZHUH
LQKLELWHG DIWHU WKH DGGLWLRQ RI LQKLELWRU WR WKH DJJUHVVLYH VROXWLRQ 7KLV UHVXOW LV LQGLFDWLYH RI WKH DGVRUSWLRQ RI
LQKLELWRUPROHFXOHVRQWKHDFWLYHVLWHVRIPLOGVWHHOVXUIDFH7KHLQKLELWLRQRIERWKDQRGLFDQGFDWKRGLFUHDFWLRQVLV
PRUHSURQRXQFHGZLWKWKHLQFUHDVLQJLQLQKLELWRUFRQFHQWUDWLRQ 6DOHK00HWDO LFRUU YDOXHVDUHGHFUHDVHG
ZLWK LQFUHDVH LQ WKH FRQFHQWUDWLRQ RI $QWKUDQLOLF DFLG 7KH LQKLELWLRQ HIILFLHQFLHV RI $QWKUDQLOLF DFLG ZHUH
GHWHUPLQHG WKURXJKHOHFWURFKHPLFDOH[SHULPHQWV 7DEOH 7KHYDOXHVRI WKHFRUURVLRQFXUUHQWGHQVLW\ LFRUU DQG
FRUURVLRQ SRWHQWLDO (FRUU DV ZHOO DV WKH FDWKRGLF DQG DQRGLF 7DIHO VORSHV ȕF ȕD ZHUH REWDLQHG E\ WKH OLQHDU
H[WUDSRODWLRQRI WKH7DIHOVORSHV7KHILJXUHVVKRZWKH LQIOXHQFHRI LQKLELWRUDQG LWVFRQFHQWUDWLRQ7KHFRUURVLRQ
FXUUHQWGHQVLW\GHFUHDVHGZLWKLQFUHDVHLQLQKLELWRUFRQFHQWUDWLRQDQG LWLQGLFDWHVWKHFRUURVLRQUDWHZDVPLWLJDWHG
,QKLELWLRQ ZDV UHDFKHG E\ D EORFNLQJ PHFKDQLVP RQ WKH DQRGLF DQG FDWKRGLF VLWHV DV SRODUL]DWLRQ FXUYHV DUH
GLVSODFHG GRZQZDUG RQ WKHZKROH SRWHQWLDO UDQJH 7KHVH UHVXOWV LQGLFDWHG WKDW WKH SUHVHQFH RI $QWKUDQLOLF $FLG





1\TXLVWSORWLQ )LJ  1\TXLVWSORWVZHUHDQDO\]HGE\ILWWLQJWKHH[SHULPHQWDOGDWDWRDVLPSOHFLUFXLWPRGHO)LJXUH
7KHILWWHGYDOXHVRI 5FW DQG &GO DUHOLVWHGLQ 7DEOH,WLVFOHDUWKDWE\LQFUHDVLQJWKHLQKLELWRUFRQFHQWUDWLRQWKH
&GO YDOXHVGHFUHDVHV 5FW YDOXHV LQFUHDVH DQG WKXV LQKLELWLRQHIILFLHQF\YDOXHV LQFUHDVHV7KHDGGLWLRQRI LQKLELWRUV
SURYLGHORZHU &GO YDOXHV WKLVVLWXDWLRQZDVWKHUHVXOWRIDQLQFUHDVHLQWKHWKLFNQHVVRIWKHHOHFWULFDOGRXEOHOD\HU
DQGGHFUHDVHLQORFDOGLHOHFWULFFRQVWDQW 3RQJVDN/RZPXQNKRQJHWDO 7KHLQFUHDVHLQVL]HRIWKHVHPLFLUFOH
DQG 5FW YDOXHVZLWKLQFUHDVLQJLQKLELWRUFRQFHQWUDWLRQLQGLFDWLQJWKHFKDUJHWUDQVIHUSURFHVVLVWKHPDLQFRQWUROOLQJ
IDFWRU RI WKH FRUURVLRQ RI PLOG VWHHO &RQVLGHULQJ WKH LPSHGDQFH GLDJUDP DW  .)LJXUH  WKH VL]H RI WKH











7KHYDOXHV RI ȘS DQG Ș]DW. LVJLYHQLQ 7DEOH
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